Background: Commercial technology-enabled personalised nutrition is undergoing rapid growth, yet its uptake in dietetics practice remains low. This survey sought the opinions of dietetics practitioners on personalised nutrition and related technologies to understand the facilitators and barriers to its application in practice. Method: A cross-section of registered dietitians were recruited in the USA, UK, Australia, Canada, Israel, Mexico, Portugal, Spain, and South Africa. The questionnaire sought their views on the risks of genetics technology, the ethics of genetic testing, the usefulness of new personalised nutrition technologies, entrepreneurism, and the perceived importance of new technologies to dietetics. Validated scales were included to assess personality (Big Five) and self-efficacy (NGSEI). The survey was available in English, Spanish, and Portuguese. Regression analyses were performed to identify factors associated with the integration of nutrigenetic testing into practice, and to identify factors associated with the perceived importance of bio-in-
formation, and mobile technology to dietetics practice. Results: A total of 323 responses (response rate 19.7%) were analysed. Dietetics practitioners who had integrated personalised nutrition technology into practice perceived technologies to be less risky (p = 0.02), biotechnology to be more important (p < 0.01), and professional skills to be less important (p = 0.04) than those who had not. They were also more likely to see themselves as entrepreneurs (p < 0.01) and to perceive lower risks to be associated with technology (p < 0.01). Practitioners of nutrigenetics were lower on neuroticism (p < 0.01) and higher on self-efficacy (p < 0.01), extraversion (p < 0.01), and agreeableness (p < 0.01). A higher perceived importance of biotechnology to dietetics practice was associated with higher perceived usefulness of omics tests (p < 0.01). Perceived importance of information technology was associated with the perceived importance of biotechnology (p < 0.01). Mobile technology was perceived as important by dietitians with the highest level of education (p = 0.02). Conclusions: For dietitians to practice technology-enabled personalised nutrition, training will be required to enhance self-efficacy, address the risks perceived to be associated with new technologies, and instil an entrepreneurial mindset.
Introduction
Technology-enabled personalised nutrition has developed rapidly alongside advances in precision health care [1] . The potential benefits of a personalised approach for promoting dietary health include reduced health care spending, improved efficiency, and better engagement by end-users [2] . At the same time, some societal concerns have been raised (e.g., in relation to personal data privacy) which may impede the adoption of personalised nutrition [3, 4] . The industry is expanding rapidly with an annual growth of 17% for genetic testing in response to the falling price of home-testing kits [1] and fuelled by advances in "omics" technologies such as nutrigenetics [2] . Other new technologies associated with personalised nutrition used to generate nutritional and lifestyle recommendations for an individual include microbiome and metabolomics tests that can be offered online direct to the consumer or via a health care professional [2, 5] . Guidelines for interpreting scientific nutrigenetics studies have been recently published with the aim of encouraging international standardisation [6] . Rising consumer interest in health and wellness has encouraged companies to also develop personalised products and offer applications (apps) and platforms enabled by the data generated from wearables (e.g., apps to assess diet, heart-rate, blood pressure and physical activity) and telehealth enabled by technologies such as artificial intelligence and chatbots [2, 7, 8] .
Although dietitians from various countries have ventured into this emerging area of technology-enabled personalised nutrition and are integrating technologies into practice [9] , the application across the dietetics profession remains low [10] [11] [12] [13] . Possible reasons suggested by previous research (which has focused on the adoption of personalised nutrition) are low confidence in genetics technology, a lack of knowledge of the role of genetics in chronic diseases, and concerns about direct-to-consumer (DTC) tests [11, 14] .
Results from the recent "Future Dietitian 2025" project [15] highlighted a need for skills training and recommended, inter alia, that dietitians should be provided with continuous professional development and training so as to keep abreast of technological advances, raise the awareness of novel technologies, and widen the use of personalised nutrition in dietetics [15] . Indeed, there has been a lack of research which has studied factors determining the uptake and non-uptake of personalised nutrition technologies by dietetics practitioners [13] . Whilst the genomics field is considered to be of increas-ing importance [16] [17] [18] [19] [20] , many concerns have been raised in relation to the technology-enabled personalised nutrition field, including those related to the ethics of genetic testing [21] , the reliability of tests [22] , and the scientific validity [6] , clinical utility [2, 23] , and efficacy of this emerging technology [2, 24] . This research, therefore, will consider the factors determining the uptake of personalised nutrition technologies by dietitians.
Qualitative research [9] has provided a voice for dietitian practitioners who have integrated personalised nutrition technologies into practice. Entrepreneurial traits, an appetite for life-long learning, a high tolerance for the risks associated with technology, and an optimistic view of the future were perceived to be important factors determining whether or not they had applied personalised nutrition. Previous research into entrepreneurship amongst university students has also pointed to the intricate relationship between risk-taking behaviour, personality, self-efficacy, and entrepreneurial traits [25] [26] [27] [28] . Entrepreneurial traits, and risk-taking behaviour, personality, and self-efficacy, therefore, could also be associated with the adoption of personalised nutrition and related technologies [25, 29, 30] . According to Human Capital Theory, the greater the knowledge, skills, and capabilities an individual acquires, the greater their chances of attaining performance outcomes [31, 32] . In line with this, a meta-analysis [33] established a relationship between human capital assets (the acquisition of skills and knowledge) and entrepreneurial outcomes which could be important to the adoption and perceived importance of personalised nutrition technologies in practice.
The Diffusion of Innovation Framework devised by Rogers [34] considers how new technologies are adopted by different stakeholders. According to diffusion theory, the adoption of new innovations or technologies is initiated by "innovators," who are followed by "early adopters" (individuals who represent opinion leaders), the "early majority" (individuals who adopt new innovations before the majority), the "late majority" (individuals sceptical of innovations, "laggards" (individuals sceptical of change), and "non-adopters" (individuals who will not adopt new innovations) [34] . Early adopters must believe in and trust a new technology in order to influence the next customer segment [34] . As new personalised nutrition technologies become available, they will impact upon the way that personalised nutrition is delivered and practised [35] . This implies that it would be appropriate to study and compare early adopters, in this case dietitian practitioners who have integrated personalised nutrition technologies into practice, with late adopters, in order to understand factors that determine the application of personalised nutrition in practice.
The aim of the research presented has been to identify barriers to and facilitators of the adoption of personalised nutrition and related technologies by dietetics professionals. Psychological factors have been analysed to determine those that distinguish between dietitian practitioners who have and have not integrated personalised nutrition and associated technologies into their practice. It is hypothesized that higher self-efficacy, perceiving oneself as an entrepreneur, higher perceived importance of new personalised nutrition technologies, and professional skills as well as lower perceived risk of genetic testing will be associated with early adoption of personalized nutrition. These factors, together with differences in personality, could determine whether or not dietitians integrate personalised nutrition testing into their practice. It is also hypothesized that the perceived importance of 3 types of technology (bio-, information, and mobile technology) to dietetics practice will be associated with higher self-efficacy, higher perceived usefulness of omics technology, higher perceived importance of professional skills, lower perceived risk of genetic testing, ethical considerations, personality traits (e.g., extraversion), and higher perception of the self as an entrepreneur/innovator.
Method
Data were gathered online by self-reported questionnaire. Participation was on a voluntary basis. A cross-sectional survey methodology was chosen as the most suitable design, given the time constraints and spread of registered dietitians (RDs) across countries.
Questionnaire
The final questionnaire consisted of 62 questions which took an average of 8-10 min to complete. The first section asked about demographic information. The design of the remainder of the survey tool, including the selection of validated scales, was informed by prior qualitative research [9] . As implied by the qualitative research and in keeping with the diffusion of innovation [34] and entrepreneurial theories [36] , the questions focused on technologies associated with personalised nutrition. Items tapped into the perceived risk of genetic technology, views on the ethics of genetic testing, perceived usefulness of new personalised nutrition technologies, perceived importance of new technologies/skill area to dietetics practice, and perception of the self as an entrepreneur/ innovator ( Table 1 ).
The remaining sections asked questions about self-efficacy and personality traits. The construct of self-efficacy was originally developed by Bandura [37] , and it refers to a belief in one's own capability to attain a particular goal in a specific domain. Self-efficacy was assessed using the New General Self-Efficacy Instrument (NGSEI) originally developed by Schwarzer and Jerusalem [38] and then amended and revalidated by Chen et al. [39] . The scale comprised 8 questions and the responses were on a 5-point scale. Each item was equally weighted. The items were then summed and a mean score per participant was calculated.
Personality has frequently been assessed using the "Big Five" framework, which assumes that differences in personality between individuals can be identified by looking at 5 broad traits: extraversion; openness; conscientiousness; agreeableness; and, neuroticism [40] . Although personality has yet to be linked to entrepreneurism [36] , the justification for assessing personality in the context of our study was to determine whether differences regarding the adoption of personalised nutrition technologies are associated with personality. For the purpose of this study, the 10-item version of the "Big Five Inventory" developed by Gosling et al. [41] was used. This version has demonstrated adequate levels of reliability and convergence with the full 44-item inventory [41] and been found to retain 85% of test-retest reliability [42] . Previous authors have recommended its use in research where data need to be collected from individuals in a short time [41] . The scale has also been validated [41, 42] . The scale consists of 10 questions, 2 for measuring each trait, for which responses are given on a 5-point scale.
Also included were questions, the content of which was derived from the findings of a previous qualitative study by Abrahams et al. [9] . Responses were provided on a 5-point Likert scale. Two questions asked about the perceived risks of nutrigenetic testing. Two questions enquired about views on the ethics of nutrigenetic testing. Four questions asked about the perceived usefulness of technology-enabled personalised nutrition regarding the microbiome, metabolomics, food allergy, and food sensitivity. Questions about the perceived importance of nutrition technologies (bio-, information, and mobile technology), and skill areas related to the field of dietetics (research, business, entrepreneurship, creativity, and training), items on perceptions of the self as an entrepreneur or innovator were also included.
Procedure

Sampling
Based on an α value of 0.05, a power of 0.9, and a potential effect size of 0.8, an estimated total sample size of 122 was required [43] . Dietitians were accessed between May and June 2017 through dietetics associations, and through dietetics-related social media networks (Facebook 1K, LinkedIn 1K, European Federation of Associations of Dietetics 2.6K, and Association of Nutrition and Dietetics 2K) based in English, Spanish, and Portuguese speaking countries. Personal invitations were also sent via LinkedIn to RDs. Only one person declined. One dietetics association in South Africa posted the information about the study in their weekly newsletter (1.5k). CEOs of companies that provide nutrigenetic testing kits to health care professionals for use in practice were requested to distribute the survey to their database of RDs. No reward or gift was offered for participation. Information about the aims of the research, and the study itself was provided on the first page of the survey questionnaire. A separate information sheet was made DOI: 10.1159/000502915 available as an attachment upon request via email. The only exclusion criterion was that unqualified individuals and students of nutrition and/or dietetics programmes should not participate. Consent was obtained at the start of the survey and the researcher's contact details were provided. Potential volunteers were then invited to participate by being sent an e-mail containing an online link to the survey. Participants could withdraw their responses at any time, but no such requests were received.
Survey
The questionnaire was translated from English into Portuguese and Spanish and then back-translated to ensure consistency, ac- Please indicate the answer that most accurately describes you -I will be able to achieve most of the goals that I have set for myself -When facing difficult tasks, I am certain that I will accomplish them -In general, I think that I can obtain outcomes that are important to me -I believe I can succeed at most endeavours to which I set my mind -I will be able to successfully overcome many challenges -I am confident that I can perform effectively on many different tasks -Compared to other people, I can do most tasks very well -Even when things are tough, I can perform quite well
Mean self-efficacy Likert scale (1-5) Schwarzer [38] , 1995
Please indicate the answer that most accurately describes you -Gene-and other omics-based technologies to personalise nutrition represent a risk to me professionally -Gene-based personalised nutrition represents a risk to my patients and clients
Perception of risks (of genetic testing) Likert scale (1-5) Abrahams et al. [9] , 2018
Please indicate the answer that most accurately describes you -I consider myself to be an innovator Perception of the self as an innovator Likert scale (1-5) Abrahams et al. [9] , 2018
Please indicate the answer that most accurately describes you -I consider myself to be an entrepreneur Perception of the self as an entrepreneur Likert scale (1-5) Abrahams et al. [9] , 2018
Please indicate the answer that most accurately describes you -Genetic testing poses an ethical dilemma to me -Genetic testing should not be available direct to consumers Ethics of genetic testing Likert scale (1-5) Abrahams et al. [9] , 2018
Please indicate the answer that most accurately describes you -Microbiome testing is useful to personalise diets -Metabolomics is a useful tool to personalise diets Usefulness of omics Likert scale (1-5) Abrahams et al. [9] , 2018
Please indicate the answer that most accurately describes you -Food allergy testing is a useful tool to personalise diets -Food sensitivity testing is a useful tool to personalise diets curacy, and clarity. The survey was administered using the Surveymonkey TM platform (Surveymonkey.com, LLC, Palo Alto, CA, USA, 2014). The questionnaire was initially piloted on UK-based dietitians (n = 3) using the test function on Surveymonkey to which participants could add comments and questions. Minor changes were made to the questionnaire based on the feedback received. The option "non-binary" was added to the question on gender. The term "non-profit" was changed to "not-for-profit". The survey was made available over a 5-week period, during which time a reminder email was sent via the social media platforms.
Data Analysis Treatment of Missing Data
At the end of the 5 weeks, the total number of completed questionnaires was 383. Participants with > 5 demographic entries missing (10% of the survey) and those who identified themselves as students (n = 2, 0.5%) were removed from the database. Also excluded were 65 responses in which the participants had provided demographic information but did not complete any of the scales.
Treatment of Included Data
All the variables are summarised in Table 1 . Responses to the 2 free-text questions "number of years in practice" and "age" were rounded up to the nearest whole number. Initial responses to the question "Have you integrated nutrigenetic testing into your practice?" were coded as "Yes", "No" or "At some point". Owing to the small number of responses in the cell "At some point", the categories "Yes" and "At some point" were combined to create a dichot-omous Yes/No variable. Reasons for stopping were completed by 10 participants in the freetext box which included: high cost to clients (n = 3); job change (n = 2); a lack of knowledge; testing discussed but not used (n = 2); and, concern that the underpinning science was not yet ready for practice (n = 2).
Scores for self-efficacy [38] and personality (Big Five) [41] were calculated according to how the scales had been validated. Specific items on the self-efficacy and 10-item Big Five scales were reversescored [38, 41] . Missing data were replaced with the series means.
Cronbach's α implied very good reliability and high internal consistency for the self-efficacy tool (α = 0.87). For the 10-item personality scale, the results of the reliability tests for the 5 traits were: α = 0.70 (extraversion); α = 0.22 (agreeableness), α = 0.45 (conscientiousness); α = 0.54 (neuroticism); and, α = -0.43 (openness).
Principal component analysis (PCA) was performed on the unvalidated scales (perception of risks of genetic testing, ethics of genetic testing, usefulness of omics, usefulness of food testing, perceived importance of skill area, perceived importance of bio-, information, and mobile technology). A factor-loading threshold of 0.4, and an eigenvalue > 1 were used to identify factors. PCA indicated that the 2 items on genetic testing "gene-and other omicsbased technologies represent a risk to me professionally" and "gene-based personalised nutrition represents a risk to my patients and clients" loaded onto 1 factor (an eigenvalue of 0.94). The Cronbach α for this variable labelled as "perceptions of risk" showed good reliability (α = 0.78).
PCA indicated that the 2 items "genetic testing poses an ethical dilemma to me" and "genetic testing should not be available direct to consumers" (which were reverse-scored) loaded onto 1 factor but with low reliability (α = 0.44). This factor was labelled "ethics". Items on the usefulness of the microbiome, metabolomics, food allergy, and food sensitivity testing loaded onto 2 factors each, with an eigenvalue of 0.90. These were labelled "usefulness of omics" (microbiome and metabolomics: α = 0.84) and "usefulness of food testing" (food allergy and food sensitivity: α = 0.73).
The items "I see myself as an entrepreneur" and "I see myself as an innovator" were entered as separate variables into the analysis.
Items that followed on from the question "Please rate the importance to dietetics of each area below: genomics, functional and integrative nutrition, food engineering, bioinformatics, artificial intelligence and machine learning, chatbots, microbiome testing, metabolomics, virtual and augmented reality, telehealth and wearable technology" loaded onto 3 factors, creating new variables labelled: "biotechnology" (α = 0.85), "information technology" (α = 0.84), and "mobile technology" (α = 0.61).
Items assessing the perceived importance of "creativity, innovation, and entrepreneurship," "business and marketing," "research," and "teaching and training" loaded onto 1 factor, with "creativity, innovation, and entrepreneurship" contributing to the highest weighting of 0.80 and with adequate reliability (α = 0.51). All 4 items were combined into a single variable labelled "importance of skill area."
Pearson correlation was used to check for intercorrelations between the following independent variables: "age," "years in practice," "sector of work," "highest level of education gained," "mean self-efficacy," "perception of risks of genetic tests," views on "ethics of genetic testing," "usefulness of omics," "usefulness of food testing," perceived importance of "bio-, information, and mobile technology," "importance of skill area," "extraversion," "openness," "conscientiousness," "agreeableness," "neuroticism," "perception of self as an innovator," "perception of self as an entrepreneur," and "have you integrated nutrigenetic testing into practice." The significance level was set at p < 0.05. Effect size was measured using Cohen's d where d = 0.2, d = 0.5, and d = 0.8 equated to a small, medium, and large effect, respectively (Cohen [44] ). Power analysis was performed using G*3-power software v3.1.9.2 [45] .
Model 1 calculated the factors that determined the integration of personalised nutrition technologies into practice: "age;" "gender;" "sector of work;" "country;" "number of years working;" "mean self-efficacy;" "extraversion;" "openness;" "agreeableness;" "neuroticism;" "conscientiousness;" "I see myself as an entrepreneur;" "I see myself as an innovator;" "usefulness of omics;" "usefulness of food testing;" importance of "bio-, information, and mobile technology;" "importance of skill area;" "ethics of genetic testing;" and, "perceptions of risk of genetic testing" as independent variables. "Having integrated nutrigenetic testing into practice" was the dependent variable.
Model 2 calculated factors that determined the perceived importance to dietetics of different types of technology. Explanatory (independent) variables were: "age;" "number of years in practice;" "sector of work;" "highest level of qualification gained;" "UK or other;" "I see myself as an entrepreneur;" "I see myself as an innovator;" "ethics of genetic testing;" "perception of risk of genetic testing;" and, "importance of skill area to dietetics practice" as independent variables. Perceived "importance of biotechnology;" "information technology;" and, "mobile technology" were entered as dependent variables. SPSS © (IBM) v24 was used to analyse data.
Results
Sample Description
The final sample comprised 323 RDs from the countries involved, as outlined in Table 2 . The questionnaire was distributed to approximately 8,000 RDs, implying a [11] ). The sample consisted mainly of females (93.8%) with only 5.6% male and non-binary gender 0.2% ( Table 2 ). Age ranged from 21 to 72 years with a median age of 37.5 years. There was no significant difference between dietetics practitioners who had and had not integrated personalised nutrition technologies into their practice with regard to age (t[321] = -0.63, p = 0.53) or the highest level of education attained (t[321] = 1.63, p = 0.11). More than half (57%) held a BSc.
(with or without postgraduate diploma), 36% an MSc., and 6.5% a doctorate. More than one-third (37%) worked in the public sector (37%) and more than half (52%) in the private sector. One participant was retired. There was no significant difference between the 2 groups in terms of the sector where they worked (t[321] = -0.14, p = 0.76) or the number of years working (t[321] = -0.29, p = 0.78; range 1-50 years, median 12 years, and mean 10 years). Of the dietetics practitioners offering personalised nutrition (84%), 7 were based in the UK (14%), 1 in Australia (2%), 6 in Canada (12%), 12 in the USA (24%), 1 in Israel (2%), 9 in Mexico (18%), 4 in Portugal 4 (8%), 7 in South Africa (14%), 1 in the UAE (2%), and 1 in Norway (2%).
Factors Associated with the Integration of Personalised Nutrition into Practice
Traits that were positively correlated with having practiced personalised nutrition were: higher extraversion (r[321] = -0.11, p < 0.05); lower neuroticism (r[321] = 0.14, p = 0.01); higher self-efficacy (r[321] = -0.14, p = 0.01); lower perception of risk of genetic testing (r[321] = 0.31, p < 0.01); higher perceived importance of biotechnology to dietetics practice (r[321] = -0.24, p < 0.01); higher perception of the self as an entrepreneur (r[321] = -0.22, p < 0.01); higher perception of self as an innovator (r[321] = -0.13, p = 0.02); lower perceived impact of ethics of genetic testing (r[321] = -0.18, p = 0.001); and, higher perceived usefulness of omics (r[321] = -0.21, p < 0.01) and food testing technologies (r[321] = -0.13, p < 0.01) ( Table 3 ).
The regression model 1 of factors predicting the integration of personalised nutrition technology testing into practice explained 49% of the variance between dietetics practitioners who had and had not integrated personalised nutrition testing into practice, and was statistically significant (F[3211, 3212] = 4.41, p < 0.01, 95% CI 0.94-2.36) ( Table 4 ). Factors which predicted whether an individual had integrated personalised nutrition and associ- ated technologies into practice were: a higher "perception of self as an entrepreneur" (B = -0.06; t = -2.73, p < 0.01, 95% CI -0.12 to -0.02; which was the strongest predictor; lower "perception of risk" associated with genetic testing technologies (B = 0.04; t = 3.14, p < 0.01; 95% CI 0.02-0.07; effect size d = 0.88); higher perceived "importance of biotechnology" (B = -0.03, t = -3.54, p < 0.01, 95% CI -0.05 to -0.02; effect size d = 0.74); lower perceived "importance of skill area" (B = 0.03, t = 2.09, p = 0.04, 95% CI 0.00 to 0.05; effect size d = 0.18); and, lower "perceived importance of information technology" (B = 0.02, t = 2.54, p = 0.01, 95% CI -0.01 to 0.03; effect size d = 0.02).
Factors Associated with the Perceived Importance of New Technologies
Three regression models were created to determine the perceived importance of each of the 3 types of personalised nutrition technology identified in the PCA analysis, labelled "biotechnology," "information technology," and "mobile technology" (Tables 5-7). The strongest predictor of perceived importance of biotechnology was higher per-ceived "usefulness of omics tests" (B = 0.52, t = 5.55, p < 0.01, 95% CI 0.33-0.70), followed by higher perceived "importance of information technology" (B = 0.33, t = 8.39, p < 0.01, 95% CI 0.26-0.41), higher "importance of skill area" (B = 0.33, t = 3.82, p < 0.01, 95% CI 0.14-0.45), lower "perception of risk" of genetic testing (B = -0.33, t = -3.952, p < 0.01, 95% CI -0.50 to -0.17), and lower "mean number of years working" (B = -0.04, t = -3.02, p < 0.01, 95% CI -0.06 to -0.01). This model explained 75% of the variation between variables and was significant (F[3211, 3212] = 21.43, p < 0.01, 95% CI -4.55 to 3.443).
The strongest predictor of perceived "importance of information technologies" was higher perceived "importance of biotechnology" (B = 0.56, t = 8.39, p < 0.01, CI 0.43 -0.70), followed by a higher perceived "importance of skill area" (B = 0.49, t = 4.87, p < 0.01, 95% CI 0.29 -0.68), and higher perceived "importance of mobile technologies" (B = 0.42, t = 4.09, p < 0.01, 95% CI 0.22-0.63). This model explained 69% of the variability between variables and was significant (F[3211, 3212] = 15.16, p < 0.01, 95% CI -9.82 to 0.53). Bold type denotes * p < 0.05 indicates significance. Factors associated with perceived "importance of mobile technologies" were "highest level of education gained" (B = 0.22, t = 2.20, p = 0.03, 95% CI 0.02-0.41), higher "conscientiousness" (B = 0.18, t = 2.90, p = 0.01, 95% CI 0.58-0.30), and higher perceived "importance of information technology" (B = 0.12, t = 4.09, p < 0.01, 95% CI 0.06-0.18). This model explained 46% of the variability between variables (F[3211, 3212] = 4.58, p < 0.01, 95% CI -1.26 to 4.34).
Discussion
The purpose of this research has been to identify the barriers to and facilitators of the adoption of personalised nutrition and related technologies by dietetics professionals. We sought to determine what distinguished dietitian practitioners who had integrated personalised nutrition technology into their practice from those who had not. Those who had integrated personalised nutrition technology into their practice considered themselves to be entrepreneurs, perceived a lower risk of genetic testing, and rated the importance of biotechnology as higher and professional skills as lower in dietetics practice. The finding that those who practiced technology-enabled person-alised nutrition perceived less risk of genetic testing was as expected. In comparison to the general population, dietitians have been found to have average levels of noveltyseeking behaviour and high levels of harm avoidance [46, 47] . This implies that more could be done to encourage discussion on the risks of genetic testing in dietetics practice.
The finding that the integration of personalised nutrition technology was also associated with a higher perceived importance of biotechnology but lower perceived importance of information technology would align with predictions made by the Diffusion of Innovation Theory [34] . This implies that more could be done to increase awareness of new bio-technologies among those dietetics practitioners who have not yet integrated personalised nutrition into practice.
Perception of self as an entrepreneur also distinguished between those dietitian practitioners who had integrated personalised nutrition technology into practice and those who had not. This may have important implications for policy and practice, as the understanding of how these technologies impact dietetics practice. The finding that perceived importance of "skill area" was not a predictor of the integration of personalised nutrition into practice is supported by previous research [9] that suggests that those who already practice technology-enabled personalised nutrition do not consider that additional professional skills are required. Hickson et al. [15] recently recommended the need for the development of a career framework which maximises and utilizes the existing skills and knowledge of dietitians.
As suggested by previous research [7] , those who practiced technology-enabled personalised nutrition had higher levels of self-efficacy. Self-efficacy has also been associated with personality, such that those who exhibit more proactive personalities tend to have higher self-efficacy [26, 27] , greater risk-taking and opportunity-seeking behaviours [48] , are goal-oriented, and have a need for achievement [49] . Self-efficacy has also been closely associated with entrepreneurial intentions and traits [50] , entrepreneurial self-efficacy, and entrepreneurial intentions [28, [51] [52] [53] . Given that self-efficacy is task-and situation-dependent and can be increased through learning and experience [37] , future considerations could include specific training directed towards raising the level of selfefficacy among nutrition and dietetics students. Contrary to previous research [54, 55] , neither sector of work nor personality were associated with the integration of personalised nutrition technologies into dietetics practice.
A second objective sought to determine the factors associated with the perceived importance of personalised nutrition technologies to dietetics practice. The finding that the perceived importance of biotechnology was determined by the perceived usefulness of "omics" indicates that a potential strategy to encourage the adoption of personalised nutrition could be to raise awareness of microbiome and metabolomics technology. This could be achieved through case examples, success stories from early adopters, encouraging research, and addressing any negative perceptions that non-practicing dietitians may hold [34] . These include a fear of one's practice license being revoked and adopting a technology that is not evidence-based or endorsed by professional organizations [9, 13] .
The perceived importance of information technology was also associated with perceived importance of biotechnology. Recent research has highlighted the value of sensors and wearable and nutrition informatics technologies for early detection, tracking, monitoring, and intervention to produce quality evidence-based personalised recommendations to individuals in real time [56] . Whilst nutrition informatics competencies among dietitians have already been investigated [57] , in view of the rapid advances in personalised nutrition technologies, even more research is now needed [58, 59] . Factors that pre-dicted the perceived importance of mobile technology such as higher perceived importance of information technology, higher conscientiousness, and higher qualifications, may imply the need for further training in telehealth and wearable and information technologies.
Limitations of the Study
Among the study limitations are those inherent to the use of self-report methodology, including the potential bias associated with perceived social desirability in responses [60, 61] . The online survey methodology meant that compliance was low, although the response rate was comparable to other online surveys that used a similar recruitment methodology [11] and adequately powered (0.99). Another potential limitation inherent in the sampling was that the number of dietitians practicing personalised nutrition was small (n = 49) relative to those who were not (n = 274). Given that this is an emerging field and the research on the potential health benefits of a personalised nutrition approach is limited, one would expect the number of practitioners of personalised nutrition to be small.
Whilst the number of countries included was large, this reflects current practice among nutrigenetic testing companies that are making testing kits available across national borders. Low numbers of participants in certain countries, however, rendered it impossible to analyse for between country differences and this may have impacted upon the findings. The results of the prior qualitative study [9] implied that attitudes, perceptions, and practice amongst early adopters of personalised nutrition were similar irrespective of nationality or country of origin. We cannot therefore be certain that all items were understood in the same way by the dietitians in the different countries. Future research will be required to determine the degree to which views on personalised nutrition and related technologies vary between professions based in various countries.
Single items included in the questionnaire (such as that on the perception of the self as an entrepreneur) may not have been sensitive as multi-scaled validated measures. The existing validated scales, however, would have taken a long time to complete and could have affected compliance. In addition, given that the aim of the study was to measure the perception of the self as an entrepreneur, rather than actually being an entrepreneur, no existing scale would have been entirely appropriate. Another factor which could have affected the ability of the measure to differentiate was that the responses of those who had at one time used nutrigenetic testing but who had not DOI: 10.1159/000502915 continued to do so were combined with those who continued to apply it in practice. Further research is needed with frontline RDs to understand their reasons for stopping. Another omission was that respondents were not asked for the reasons why they had not used, or ceased to use, personalised nutrition technologies in practice. Possible contributing factors which could be explored in future research include organisational culture [18] , a lack of opportunity, or constraints on resources. Another limitation is that the variable "ethics of genetic testing" had low reliability and the personality trait of "openness" had a negative Cronbach α value, indicating that these results must be interpreted with caution.
Conclusion
To our knowledge, this is the first multi-national study undertaken to determine how psychological and personal factors may influence the adoption of new personalised nutrition technologies in a cross-section of dietetics practitioners. These findings therefore have important implications for practice and policy, and in opening up dialogue on technology-enabled personalised nutrition. Whilst this study adds to the existing small body of litera-ture on personalised nutrition in practice, future research should seek to obtain a comprehensive insight into how health professionals construe the risks associated with personalised nutrition and associated technologies and into understanding how entrepreneurial traits and efficacy can be harnessed for the delivery of tech-enabled personalised nutrition in the near future.
